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A   radiation-sensitive  negative  resist  with  improved 
resistance  against  dry  etching  and  with  excellent  resolution 
characteristics  is  obtained  by  providing  a  polymer  material 
which  contains  vinyl-naphthalene  or  a  compound  thereof  as 
a  polymeric  group.  A  homopolymer  of  1-vinylnaphthalene  or 
2-vinylnaphthalene  or  a  copolymer  of  1-  or  2- 
vinylnaphthalene  with  chloromethyl,  chlorostyrene  or  gly- 
cidyl  methacrylate  are  preferred  polymeric  materials. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n e g a t i v e   r e s i s t   of  the  t y p e  

w h i c h   c o n t a i n s   a  p o l y m e r   m a t e r i a l   s e n s i t i v e   to  r a d i a n t   r ays   (such  a s  

an  e l e c t r o n   b e a m ,   an  X - r a y ,   a  X - r a y ,   and  o the r   s h o r t   w a v e l e n g t h  

e l e c t r o m a g n e t i c   r a d i a t i o n ) ,   or  c o r p u s c u l a r   b e a m s   ( such   as  an  i o n  

b e a m   and  a  n e u t r o n   b e a m ) .  

F ine   f a b r i c a t i o n   of  i n t e g r a t e d   c i r c u i t s ,   bubb l e   m e m o r i e s   and  t h e  

l ike  have  c u s t o m a r i l y   been   done  by  the  t e c h n i q u e   of  p h o t o l i t h o g r a p h y  

in  w h i c h   a  p h o t o s e n s i t i v e   m a t e r i a l   is  s u b j e c t e d   to  l ight   i r r a d i a t i o n   t o  

f o r m   a  d e s i r e d   r e s i s t   p a t t e r n .   H o w e v e r ,   s ince   such  a  t e c h n i q u e  

c a n n o t   give  a  f a v o r a b l e   m i c r o f a b r i c a t i o n   a c c u r a c y   on  the  o r d e r   of  t h e  

l igh t   w a v e l e n g t h ,   a  f iner   p a t t e r n   f a b r i c a t i o n   t e c h n i q u e   us ing   a  d e e p  

u l t r a v i o l e t   r ay ,   an  X - r a y ,   an  e l e c t r o n   b e a m   or  l ike  r a d i a t i o n   has  b e e n  

r e c e n t l y   d e v e l o p e d   for  p r a c t i c a l   u s e .  

As  wel l   known,   r e s i s t s   are  c l a s s i f i e d   into  two  d i f f e r e n t   t y p e s ,  

i . e .  ,   a  p o s i t i v e   type  and  a  n e g a t i v e   type.   A  p o s i t i v e   type  r e s i s t  

b e c o m e s   e a s i l y   so lub le   in  a  so lven t   when  s u b j e c t e d   to  i r r a d i a t i o n ;  

i r r a d i a t e d   p o r t i o n s   will   be  d i s s o l v e d   and  r e m o v e d   by  the  s u b s e q u e n t  

d e v e l o p m e n t ,   whi le   n o n - i r r a d i a t e d   p o r t i o n s   wil l   r e m a i n   u n r e m o v e d   t o  

f o r m   a  p a t t e r n .   In  c o n t r a s t ,   a  nega t i ve   type  r e s i s t   b e c o m e s  

n o n - s o l u b l e   or  s p a r i n g l y   so lub le   in  a  s o l v e n t   w h e n   i r r a d i a t e d ;  

i r r a d i a t e d   p o r t i o n s   will   r e m a i n   u n r e m o v e d   a f t e r   d e v e l o p m e n t   to  f o r m  

a  p a t t e r n   with  n o n - i r r a d i a t e d   p o r t i o n s   r e m o v e d .   Unde r   the  c o m m o n  



c o n d i t i o n s   of  i r r a d i a t i o n ,   an  i m a g e   i d e n t i c a l   to  the  i r r a d i a t i o n   p a t t e r n  

or  o p p o s i t e   t h e r e t o   wil l   be  f o r m e d   d e p e n d i n g   on  the  type  of  a  r e s i s t   u s e d .  

T h u s ,   it  is  a d v a n t a g e o u s   to  u t i l i z e   r e s i s t s   of  the  two  d i f f e r e n t   t y p e s  

e a c h   in  a  s i t u a t i o n   su i t i ng   a  s p e c i f i c   p u r p o s e .  

A m o n g   n u m e r o u s   p o s i t i v e   r e s i s t s   s e n s i t i v e   to  e l e c t r o n   b e a m s  

h e r e t o f o r e   p r o p o s e d ,   t y p i c a l   e x a m p l e s   are   poly   ( m e t h y l   m e t h a c r y l a t e ) ,  

poly  ( b u t e n e - 1 - s u l f o n e ) ,   and  poly  ( m e t h y l   i s o p r o p e n y l   k e t o n e ) .  

A l so ,   for  e l e c t r o n - b e a m   s e n s i t i v e   n e g a t i v e   r e s i s t s ,   poly  ( g l y c i d y l  

m e t h a c r y l a t e ) ,   c o p o l y m e r   of  g lyc idy l   m e t h a c r y l a t e   and  ethyl   a c r y l a t e ,  

e p o x i d i z e d   p o l y b u t a d i e n e ,   and  poly  ( d i a l l y l - o - p h t h a l a t e )   are   wel l   k n o w n .  

Some  of  the  r e s i s t   m a t e r i a l s   m e n t i o n e d   above   a r e   now  put  i n  

p r a c t i c a l   u se   to  f a b r i c a t e   c h r o m i u m   m a s k s   by  e l e c t r o n   b e a m  

d e l i n e a t i o n .   H o w e v e r ,   in  the  t e c h n o l o g i c a l   f ie ld   of  m i c r o f a b r i c a t i o n ,  

the  d r y   e t c h i n g   p r o c e s s   is  c u r r e n t l y   e m p l o y e d   in  p l a c e   of  the  w e t  

e t c h i n g   p r o c e s s   to  p r o v i d e   a  h i g h e r   a c c u r a c y   in  e t c h i n g   a  s u b s t r a t e .  

The  d ry   p r o c e s s   may   be  e x e m p l i f i e d   by  ion  m i l l i n g ,   s p u t t e r   e t c h i n g   o r  

p l a s m a   e t c h i n g .   Such  a  t r e n d   is  r e f l e c t e d   by  an  i n c r e a s i n g   d e m a n d  

for  r e s i s t s   w h i c h   wel l   w i t h s t a n d   such  d ry   e t c h i n g   p r o c e s s .   R e s i s t s  

w h o s e   m a j o r   a p p l i c a t i o n   is  to  the  f a b r i c a t i o n   of  m a s k s   a re   r e q u i r e d  

to  be  f u r n i s h e d   with  h igh   s e n s i t i v t y ,   r e s o l u t i o n ,   and  r e s i s t a n c e   to  w e t  

e t c h i n g .   To  f a b r i c a t e   the  c h r o m i u m   m a s k s ,   for  e x a m p l e ,   t h e  

r e s i s t a n c e   m u s t   be  e n s u r e d   to  an  a q u e o u s   s o l u t i o n   of  c e r i c   a m m o n i u m  

n i t r a t e   w h i c h   is  an  e t c h i n g   s o l u t i o n   for  c h r o m i u m .   H o w e v e r ,   t h e i r  

r e s i s t a n c e   in  a  d r a y   e t c h i n g   p r o c e s s   had  been   left   out  of  c o n s i d e r a t i o n .  



S t u d y  o f   the  r e s i s t a n c e ,   of  r e s i s t s   to  the  dry   e t c h i n g   p r o c e s s  

p r o v e d   tha t   it  c a n  b e   m a r k e d l y   i m p r o v e d   if  a  r e s i s t   c o n t a i n s   p h e n y l  

g r o u p s   in  its  m o l e c u l e .   Fo r   one  e x a m p l e ,   a  p o s i t i v e   r e s i s t  

a v a i l a b l e   f r o m   Sh ip l ey   C o m p a n y   u n d e r   the  t r a d e   n a m e   AZ  r e s i s t  

w h i c h   c o n t a i n s   a  n u m b e r   of  phenyl   g r o u p s ,   i s   known  to  be  h i g h l y  

r e s i s t i v e   to  d r y   e t c h i n g .   Of  all  the  known  p o l y m e r s   c o n t a i n i n g  

n u m e r o u s   p h e n y l   g r o u p s ,   p o l y s t y r e n e   is  a d m i t t e d   to  be  the  g r e a t e s t  

in  the  n u m b e r   of  pheny l   g r o u p s   and,  i n d e e d ,   its  r e s i s t a n c e   to  d r y  

e t c h i n g   has   h i t h e r t o   been   u n d e r s t o o d   to  be  the  b e s t .   Fo r   this   r e a s o n ,  

as   n e g a t i v e   r e s i s t s   s u i t a b l e   for  dry   e t c h i n g ,   t h e r e   has   b e e n   d e v e l o p e d  

a  p o l y m e r   m a t e r i a l   c o n t a i n i n g   s t y r e n e   or  its  d e r i v a t i v e   ( J a p a n e s e  

P a t e n t   A p p l i c a t i o n   D i s c l o s u r e   No.  1 5 5 8 2 6 / 1 9 7 9   c o r r e s p o n d i n g   t o  

U.S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  908791 ,   f i led  May  23,  1978)  a n d  

c h l o r o m e t h y l a t e d   p o l y s t y r e n e   which   is  a  p o l y s t y r e n e   d e r i v a t i v e  

( J a p a n e s e   P a t e n t   A p p l i c a t i o n   D i s c l o s u r e   No.  1 1 2 1 7 / 1 9 8 0 ) .   A n o t h e r  

p o l y m e r   m a t e r i a l   c o n t a i n i n g   s t y r e n e   or  a  s t y r e n e   d e r i v a t i v e   i s  

d i s c l o s e d   in  " J o u r n a l   of  V a c u u m   S c i e n c e   and  T e c h n o l o g y " ,   Vol.  15,  

N o .  3 ,   pp.  938 -   943  (1978),   and  " J o u r n a l   of  the  E l e c t r o c h e m i c a l  

S o c i e t y " ,   Vol.   126,  No.  10,  pp.  1699 -  1702  and  pp.  1 7 0 3 - 1 7 0 8   ( 1 9 7 9 ) .  

O t h e r   e x a m p l e s   of  c h l o r o m e t h y l a t e d   p o l y s t y r e n e   are   shown  in  d e t a i l  

in  " J o u r n a l   of  the  E l e c t r o c h e m i c a l   S o c i e t y " ,   Vol.  126,  N o .  9 ,  

p p .   1 6 2 8  -  1 6 3 0   ( 1 9 7 9 ) .  

It  is  we l l   known  to  e tch  a  r e s i s t   by  a  d r y   e t c h i n g   p r o c e s s   w h i c h  

m a y   e m p l o y   a  b e a m   or  s h o w e r   of  ions  or  p l a s m a .   This   i s   e m p l o y e d  



to  p r o m o t e   an  a n i s o t r o p i c   e t c h i n g   p r o c e s s ,   in  p lace   of  a  we t   e t c h i n g  

p r o c e s s   w h i c h   is  i s o t r o p i c ,   tha t   e n s u r e s   a  d e s i r e d   p r e c i s i o n   i n  

c i r c u i t   f a b r i c a t i o n .   Also ,   it  is  e m p l o y e d   in  c i r c u i t   f a b r i c a t i o n   t o  

r e a l i z e   a  m a s k l e s s   s tep  in  w h i c h   d e l i n e a t i o n   is  a p p l i e d   d i r e c t l y   to  a  

s u b s t r a t e .   U n l e s s   the  r e s i s t   w h i c h   p r o t e c t s   the  s u b s t r a t e   a g a i n s t  

the  b e a m   or  s h o w e r   in  t hese   a p p l i c a t i o n s   is  s u f f i c i e n t l y   r e s i s t i v e   t o  

dry   e t c h i n g ,   the  b a r e d   and  p r o t e c t e d   s u r f a c e   r e g i o n s   on  the  s u b s t r a t e  

would  b e c o m e   i n d i s t i n c t   f r o m   each   o t h e r .   A c c o r d i n g l y ,   t h e  

r e s i s t a n c e   shou ld   f a v o r a b l y   be  as  l a r g e   as  p o s s i b l e   so  that   a  d r y  

e t ch ing   p r o c e s s   can  be  p e r f o r m e d   wi th   high  a c c u r a c y .  

It  is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  r a d i a t i o n -  

s e n s i t i v e   n e g a t i v e   r e s i s t   c o n s i s t i n g   of  a  p o l y m e r   m a t e r i a l   w h i c h  

c o n t a i n s   v i n y l n a p h t h a l e n e   wi th   h i g h e r   r e s i s t a n c e   to  dry   e t c h i n g   t h a n  

that   of  p o l y s t y r e n e ,   w h i c h   has  b e e n   t a k e n   as  an  o r g a n i c   r e s i s t   h i g h e s t  

in  r e s i s t a n c e   to  d ry   e t c h i n g .  

It  is  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n  t o   p r o v i d e   a  

r a d i a t i o n - s e n s i t i v e   n e g a t i v e   r e s i s t   wi th   e x c e l l e n t   r e s o l u t i o n   f o r  

m i c r o f a b r i c a t i o n   and  s e n s i t i v i t y   s u i t a b l e   for  e l e c t r o n   b e a m s   a n d  

r e s o l u t i o n   s u i t a b l e   for  m i c r o f a b r i c a t i o n .  

The  p o l y m e r   m a t e r i a l   m a y   c o m p r i s e   a  h o m o p o l y m e r   o f  

v i n y l n a p h t h a l e n e ,   a  d e r i v a t i v e   f r o m   p o l y v i n y l n a p h t h a l e n e ,   e . g . ,  

c h l o r o m e t h y l a t e d   p o l y v i n y l n a p h t h a l e n e ,   a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e  

and  a n o t h e r   m o n o m e r ,   e. g. ,  a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e   a n d  

c h l o r o m e t h y l   s t y r e n e .   It  wil l   be  a p p a r e n t   that   s u b s t a n c e s   d e r i v e d  



f r o m   h o m o p o l y m e r s   of  v i n y l n a p h t h a l e n e   such   as  c h l o r o m e t h y l a t e d  

p o l y v i n y l n a p h t h a l e n e   p r e v i o u s l y   m e n t i o n e d   a re   s i m i l a r   in  s t r u c t u r e  

to  c o p o l y m e r s   of  c h l o r o m e t h y l   v i n y l n a p h t h a l e n e   and  v i n y l n a p h t h a l e n e .  

C o n c e r n i n g   a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e   and  a n o t h e r   m o n o m e r ,  

a  p r e f e r r e d   v i n y l n a p h t a l e n e   m o i s t y   is  equa l   to  or  g r e a t e r   than  50%  i n  

t e r m s   of  m o n o m e r i c   uni t   r a t i o ,   to  keep   the  e x c e l l e n t   r e s i s t a n c e   to  d r y  

e t c h i n g .  

If  the  m o l e c u l a r   w e i g h t   of  the  p o l y m e r   w e r e   l e s s   than  10 ,000 ,   t h e  

r e s u l t a n t   s e n s i t i v i t y   would   be  poor .   If  it  w e r e   m o r e   than  1 ,  000 ,  000 ,  

s w e l l i n g   would   o c c u r   d u r i n g   d e v e l o p m e n t   to  d e g r a d e   r e s o l u t i o n .  

It  is  known  that   r e s o l u t i o n   g rows   h i g h e r   as  the  p o l y d i s p e r s i v i t y  

( M w / M n   w h e r e   Mw  d e n o t e s   we igh t   a v e r a g e   m o l e c u l a r   w e i g h t   and  M n  

n u m b e r   a v e r a g e   m o l e c u l a r   weight)   d e c r e a s e s .   Thus ,   t h e  

p o l y d i s p e r s i v i t y   should   p r e f e r a b l y   be  as  a p p r o x i m a t e   as  p o s s i b l e   t o  

the  m o n o d i s p e r s i v i t y   ( M w / M n   =  1).  M e a n w h i l e ,   the  r e s o l u t i o n   of  a  

r e s i s t   i t s e l f   m i g h t   be  d e t e r i o r a t e d   in  the  even t   of  d e v e l o p m e n t .  

It  is  p r e f e r r e d   t h e r e f o r e   to  use  a  s o l v e n t   w h i c h   can  d i s s o l v e   a n d  

r e m o v e   n o n - i r r a d i a t e d   p o r t i o n s   of  the  r e s i s t   w i t h o u t   c a u s i n g   t h e  

i r r a d i a t e d   p o r t i o n s   of  the  r e s i s t   to  swel l .   This   is  p a r t i c u l a r l y   t r u e  

for  t hose   p o l y m e r s   wh ich   have  l a r g e   m o l e c u l a r   w e i g h t s   wi th in   t h e  

s p e c i f i c   r a n g e   de f ined   as  a b o v e .  

Thus ,   a  m o l e c u l a r   w e i g h t   and  a  c o p o l y m e r i z a t i o n   r a t io   can  b e  

c h o s e n   s u i t a b l y   in  a c c o r d a n c e   with  a  d e s i r e d   s e n s i t i v i t y   and  p r o c e s s  

c h a r a c t e r i s t i c s .  



A  n e g a t i v e   r e s i s t   p r o p o s e d   by  the  p r e s e n t   i n v e n t i o n   h a s  

r e s i s t a n c e   to  dry   e t c h i n g   w h i c h   is  far   h i g h e r   than   tha t   of  all  t h e  

o r g a n i c   r e s i s t s   known  in  the  a r t .   Use  of  such  a  m a t e r i a l   in  t h e  

f a b r i c a t i o n   of  s e m i c o n d u c t o r s ,   i n t e g r a t e d   c i r c u i t s   or  the  l ike  w i l l  

e n s u r e   a  safe  e t c h i n g   s t e p .  

A n o t h e r   o u t s t a n d i n g   c o n t r i b u t i o n   of  the  i m p r o v e d   r e s i s t a n c e   t o  

d ry   e t c h i n g   c o n s i s t s   in  s u b s t a n t i a l l y   i m p r o v i n g   the  r e s o l u t i o n .  

A  r e s i s t   a c c o r d i n g   to  the  i n v e n t i o n   n e e d s   only  a  m i n i m u m   of  t h i c k n e s s  

on  a  s u b s t r a t e   due  to  the  i m p r o v e d   e t c h i n g   r e s i s t a n c e .   As  wel l   k n o w n  

in  the  a r t ,   a  th ick   r e s i s t   f i lm  on  a  s u b s t r a t e   d e g r a d e s   the  r e s o l u t i o n  

when   s u b j e c t e d   to  e l e c t r o n   b e a m   i r r a d i a t i o n ,   for  e x a m p l e ,   b e c a u s e  

e l e c t r o n s   d r i v e n   into  the  r e s i s t   wil l   be  s c a t t e r e d   in  all  d i r e c t i o n s  

t h e r e i n .  

The  p r e s e n t   i n v e n t i o n   will   b e c o m e   a p p a r e n t   by  r e f e r r i n g   to  t h e  

a c c o m p a n y   d r a w i n g s   in  w h i c h :  

F i g u r e   1  shows   s e n s i t i v i t y   c u r v e s   of  r e s i s t s   u s e d   in  the  p r e s e n t  

i n v e n t i o n   to  e l e c t r o n   b e a m   i r r a d i a t i o n ;   a n d  

F i g u r e   2  a l so   shows  s e n s i t i v i t y   c u r v e s   of  o t h e r   r e s i s t s   u s e d   i n  

the  p r e s e n t   i n v e n t i o n   to  e l e c t r o n   b e a m   i r r a d i a t i o n .  

A c c o r d i n g   to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  n e g a t i v e   r e s i s t   s e n s i t i v e   to  a  r a d i a n t   r ay   or  a  c o r p u s c u l a r  

b e a m ,   w h i c h   c o m p r i s e s   a  p o l y m e r   m a t e r i a l   w h e r e i n   the  p o l y m e r  

m a t e r i a l   c o n t a i n s   at  l e a s t   one  c o m p o s i t i o n   c h o s e n   f r o m   the  g roup   of :  



1 - v i n y l n a p h t h a l e n e  

2 - v i h y l n a p h t h a l e n e  

c h o r o m e t h y l - 1 - v i n y l n a p h t h a b e n e ;   and 

c h l o r o m e t h y l - 2 - v i n y l n a p h t h a l e n e  

The  p r e s e n t   i n v e n t i o n   will   now  be  d e s c r i b e d   in  de t a i l   in  c o n n e c t i o n  

with  E x a m p l e s .  



E X A M P L E   1 

P o l y - 2 - v i n y l n a p h t h a l e n e   (P2VN)   p r o v i d e d   by  bulk  p o l y m e r i z a -  

tion  was  s u b j e c t e d   to  f r a c t i o n a l   p r e c i p i t a t i o n   to  p r e p a r e   a  s a m p l e   w i t h  

d ioxane   e m p l o y e d   as  a  s o l v e n t   and  e t h a n o l   as  a  n o n - s o l v e n t .   A  

m o l e c u l a r   w e i g h t   d i s t r i b u t i o n   of  the  s a m p l e   was   m e a s u r e d   by  g e l  

p e r m e a t i o n   c h r o m a t o g r a p h y .  

A  r e s i s t   s o l u t i o n   was   p r e p a r e d   by  d i s s o l v i n g   in  d i o x a n e   10 

w e i g h t   p e r c e n t   of  the  s a m p l e   w h o s e   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  

was   120, 000  and  p o l y d i s p e r s i v i t y   was   1.  6.  The  r e s i s t   s o l u t i o n   w a s  

s p i n - c o a t e d   at  2,  500  r p m   ( r e v o l u t i o n s   pe r   m i n u t e )   onto  a  s u b s t r a t e  

fo l lowed   by  p r e b a k i n g   at  100°C  ( d e g r e e s   c e n t i g r a d e )   for  30  m i n u t e s  

to  obta in   a  u n i f o r m   f i lm  of  about   0 .7   m i c r o n   in  t h i c k n e s s .   T h e n ,  

v a r i o u s   k inds   of  p a t t e r n   d e l i n e a t i o n   w e r e   a p p l i e d   us ing   an  e l e c t r o n  

b e a m   e x p o s u r e   s y s t e m   ( a v a i l a b l e   f r o m   J a p a n   E l e c t r o n   O p t i c s  

L a b o r a t o r y   u n d e r   the  t r a d e   n a m e   J B X - 5 A )   at  a n  a c c e l e r a t i o n   v o l t a g e   o f  

. 20  KV  ( k i l o v o l t s )   and  with  d i f f e r e n t   d o s e s .   Af t e r   the  e x p o s u r e ,   t h e  

s u b s t r a t e   was   t aken   out  f r o m   the  e x p o s u r e   s y s t e m   and  d ipped   for  60 

s e c o n d s   in  a  l iqu id   c o n t a i n i n g   4  p a r t s   of  t e t r a h y d r o f u r a n   and  1  p a r t   o f  

.  e thanol   for  d e v e l o p m e n t ,   and  was   r i n s e d   in  a  l iquid   c o n t a i n i n g   1  p a r t  

of  m e t h y l   e thy l   k e t o n e   and  1  p a r t   of  e t h a n o l   for  30  s e c o n d s   to  o b t a i n  

r e s i s t   p a t t e r n s   on  the  s u b s t r a t e .   A f t e r   d r y i n g ,   f i lm  t h i c k n e s s e s  

w e r e   m e a s u r e d   by  a  p r o d u c t   a v a i l a b l e   f r o m   Rank  T a y l o r   H o b s o n   u n d e r  

the  t r a d e   n a m e   Ta ly   s tep  to  d e t e r m i n e   the  r e l a t i o n s h i p   b e t w e e n   t h e  



r e s i d u a l   f i lm  t h i c k n e s s   and  the  dose .   The  m e a s u r e m e n t   r e s u l t e d   a  

s e n s i t i v i t y   c u r v e   1  shown  in  F i g u r e   1.  A  dose   (D0.5g)  p r o v i d i n g   a  

r e s i d u a l   f i lm  t h i c k n e s s   w h i c h   is  one  half   of  the  o r i g i n a l ,   wh ich   i m p l i e s  

p r a c t i c a l   s e n s i t i v i t y ,   was   m e a s u r e d   to  be  5 .0  x  10-5  C / c m 2   ( c o u l o m b s  

pe r   s q u a r e   c e n t i m e t e r ) .   In  F i g u r e   1,  the  a b s c i s s a   i n d i c a t e s   the  d o s e  

and  the  o r d i n a t e   the  f i lm  t h i c k n e s s   a f t e r   d e v e l o p m e n t   wh ich   w a s  

n o r m a l i z e d   by  the  t h i c k n e s s   b e f o r e   d e v e l o p m e n t .  

E X A M P L E   2 

P2VN  was  p r e p a r e d   in  the  s ame   way  as  in  E x a m p l e   1  e x c e p t   t h a t  

the  s a m p l e   had  an  a v e r a g e   m o l e c u l a r   w e i g h t   of  1 9 0 , 0 0 0 .   A  r e s i s t  

s o l u t i o n   was  p r e p a r e d   by  d i s s o l v i n g   the  s a m p l e   in  xy lene   by  3  w e i g h t  

p e r c e n t .   The  s o l u t i o n   was   s p i n - c o a t e d   onto  a  s u b s t r a t e   at  2, 500  r p m  

and  p r e b a k e d   at  100°C  for  30  m i n u t e s   to  ob ta in   a  u n i f o r m   f i l m  o f  

abou t   0.3  m i c r o n .  

E v a l u a t i o n   t e s t   was   p e r f o r m e d   on  the  s a m p l e   e m p l o y i n g   the  s a m e  

p r o c e d u r e   as  in  E x a m p l e   1.  The  s e n s i t i v i t y   of  the  r e s i s t   was  m e a s u r e d  

to  be  D 0.5g  =  3 .2   x  1 0 - 5   C / c m 2 .   This   is  r e p r e s e n t e d   by  a  s e n s i t i v i t y  

c u r v e   2  in  F i g u r e   1. 

E X A M P L E   3 

P o l y - 1 - v i n y l n a p h t h a l e n e   (P1VN)  p r e p a r e d   by  r a d i c a l   p o l y m e r i z a t i o n  

was   a l lowed   for  e v a l u a t i o n   as  in  E x a m p l e   1.  The  s a m p l e   had  a  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   of  20 ,000   and  showed   a  s e n s i t i v i t y   o f  



D  0 . 5   =  5 . 2 × 1 0 - 4   C / c m 2   w h i c h   is  s o m e w h a t   l o w e r   than  that   f o r  
g 

P 2 V N .  

We  m e a s u r e d   e t c h i n g   r a t e s   for   the  m a t e r i a l s   p r e p a r e d   b y  

E x a m p l e s   1-3  of  the  p r e s e n t   i n v e n t i o n   and  p r i o r   a r t   r e s i s t s   hav ing   l o w  

e t c h i n g   r a t e s .   The  r e s u l t s   wil l   be  i n d i c a t e d   in  T a b l e s   1  and  2 .  

The  e t c h i n g   r a t e s   i n d i c a t e d   in  T a b l e   1  a re   a v e r a g e   e t ch ing   r a t e s  

m e a s u r e d   by  e t ch ing   the  m a t e r i a l s   e a c h   for  10  m i n u t e s   at  2  x  1 0 - 4  

T o r r   e m p l o y i n g   an  i n s t r u m e n t   u n d e r   the  t r a d e   n a m e   t h r e e - i n c h  

M i c r o e t c h   s y s t e m   a v a i l a b l e   f r o m   V e e c o   C o m p a n y .  



A  p r o d u c t   a v a i l a b l e   f r o m   E . I .   du  Pont   de  N e m o u r s   &  C o m p a n y  

u n d e r   the  t r a d e   n a m e   E l v a c i t e   2041  was   u s e d   as  P M M A   (poly  m e t h y l  

m e t h a c r y l a t e ) ;   and  a  p r o d u c t   f r o m   Sh ip l ey   C o m p a n y   u n d e r   the  t r a d e  

n a m e   A Z - 1 3 5 0 J ,   as  a  p o s i t i v e   r e s i s t   m a t e r i a l .   Also ,   a  p r o d u c t  

a v a i l a b l e   f r o m   Tokyo  Ohka  Kogyo  C o m p a n y   was   u sed   as  PM1 PK  ( p o l y  

i s o p r o p e n y l   k e t o n e ) ;   and  a  p r o d u c t   f r o m   P r e s s u r e   c h e m i c a l  

C o m p a n y ,   as  PS  ( p o l y s t y r e n e ) .   While  p o l y s t y r e n e   has  been   known  a s  

an  o r g a n i c   p o l y m e r   r e s i s t   w h o s e   e t ch ing   r a te   is  c o n s i d e r a b l y   low,  t h e  

m a t e r i a l s   P1VN  and  P 2 V N   show  e t c h i n g   r a t e s   for  l o w e r   than  that  o f  

p o l y s t y r e n e ,   tha t   is,  abou t   t w o - t h i r d s   of  p o l y s t y r e n e ,   as  will   be  s e e n  

f r o m   Tab le   1. 

Tab le   2  r e p r e s e n t s   e t c h i n g   r a t e s   for  c o n v e n t i o n a l   AZ  and  PS  a n d  

those   for  P2VN  u n d e r   s e v e r a l   e t ch ing   t e c h n i q u e s .  

It  will   be  s een   f r o m   Tab le   2  that   P2VN  aga in   showed  an  e x c e l l e n t  

r e s i s t a n c e   to  e t c h i n g   as  r e p r e s e n t e d   by  Tab le   1  as  w e l l .  

M o l e c u l a r   w e i g h t s   of  the   m a t e r i a l s   have  no  s i g n i f i c a n t   i n f l u e n c e  

on  the  e t c h i n g   r a t e s .   P o l y s t y r e n e ,   for  e x a m p l e ,   u n d e r g o e s   a  v a r i a t i o n  

in  e t ch ing   r a te   w h i c h   is  as  l i t t l e   as  s e v e r a l   p e r c e n t   or  l e s s   f o r  

m o l e c u l a r   w e i g h t s   of  3 , 0 0 0   up  to  1  m i l l i o n .  



A  s u i t a b l e   m e t h o d   for  the  s y n t h e s i s   of  P2VN  is  o r d i n a r y   r a d i c a l  

p o l y m e r i z a t i o n   when   the  m e l e c u l a r   w e i g h t   is  l e s s   than   1 0 0 , 0 0 0 ,   b u l k  

p o l y m e r i z a t i o n   when   it  is  of  the  o r d e r   of  1 0 0 ,  0 0 0 -   300,  000  or  e m u l s i o n  

p o l y m e r i z a t i o n   when   it  is  m o r e   than   500,  000.   Though   P I V N   a n d  

P2VN  a re   c o m m e r c i a l l y   a v a i l a b l e   as  r e a g e n t s ,   they  a re   not  u s a b l e   a s  

r e s i s t s   u n l e s s   r e f i n e d .   S y n t h e t i c   m e t h o d s   of  P2VN  are   wel l   k n o w n ,  

and  for  e x a m p l e ,   for  d e t a i l s   of  the  r a d i c a l   p o l y m e r i z a t i o n ,   r e f e r e n c e  

is  m a d e   to  U . S .   P a t e n t   No.  1 ,  9 8 2 ,  6 7 6 .  



E X A M P L E   4 

P2VN  p r e p a r e d   in  the  s ame   way  as  in  Example   1  ( a v e r a g e  

m o l e c u l a r   we igh t   =  1 2 0 , 0 0 0 ,   p o l y d i s p e r s i v i t y   =  1. 6)  was  s u b j e c t e d   to  

c h l o r o m e t h y l a t i o n   with  c h l o r o m e t h y l   e the r   by  the  F r i e d e l - C r a f t s  

r e a c t i o n .   The  r e s u l t a n t   m a t e r i a l   was  r e p r e c i p i t a t e d   and  then  dr ied   i n  

v a c u u m .   The  p r o d u c t   was  a l lowed   for  e l e m e n t a l   a n a l y s i s   to  find  36% 

c h l o r o m e t h y l a t i o n .   This   s a m p l e   was  eva lua ted   as  a  r e s i s t   by  the  s a m e  

m e t h o d   as  in  E x a m p l e   1.  Its  s e n s i t i v i t y   was  m e a s u r e d   to  be  D  0 . 5 g =  

2.2  x  10-6  C / c m 2 .   The  s e n s i t i v i t y   is  r e p r e s e n t e d   by  a  cu rve   3  i n  

F i g u r e   1. 

As  p r e v i o u s l y   s t a t ed   in  c o n n e c t i o n   with  the  b a c k g r o u n d   of  t h e  

i nven t ion ,   c h l o r o m e t h y l a t i o n   can  be  adopted  for  p o l y s t y r e n e   for  t he  

p u r p o s e   of  i n c r e a s i n g   the  s e n s i t i v i t y   of  a  r e s i s t .   H o w e v e r ,  

c h l o r o m e t h y l a t i o n   of  P2VN  p r o c e e d s   far  f a s t e r   than  p o l y s t y r e n e   a n d  

m i g h t   cause   gel l ing  of  the  m a t e r i a l   if  p e r f o r m e d   c a r e l e s s l y .   T h u s ,  

one  m u s t   be  p r e c a u t i o u s   enough   to  avoid  this  such  as  by  d i lu t ing  t h e  

so lu t ion   to  a  su f f i c i en t   d e g r e e .  

E x a m p l e s   5-10  which   will  be  d e s c r i b e d   h e r e i n a f t e r   are  c o n c e r n e d  

with  c o p o l y m e r s .  

E X A M P L E   5 

A  c o p o l y m e r   of  c h l o r o m e t h y l   s ty rene   and  2 - v i n y l n a p h t h a l e n e   i s  

r e a d i l y   ob t a inab l e   by  o r d i n a r y   r ad i ca l   p o l y m e r i z a t i o n .   For  e x a m p l e ,  



a  m o n o m e r i c   m i x t u r e   c o n t a i n i n g   0 .01   m o l e   2 - v i n y l n a p h t h a l e n e   a n d  

0 .02   m o l e   c h l o r o m e t h y l   s t y r e n e   ( c o n s i s t i n g   of  60%  m - c h l o r o m e t h y l   a n d  

40%  p - c h l o r o s t y r e n e )   was  added  wi th   AIBN  ( a z o b i s i s o b u t y l o n i t r i l e )   o f  

1  m o l e   p e r c e n t   to  the  m o n o m e r   c o n c e n t r a t i o n   as  an  i n i t i a t o r .   T h e  

m i x t u r e   was   d i s s o l v e d   in  20  m i l l i l i t e r s   of  r e f i n e d   b e n z e n e .  

The  m i x t u r e   s o l u t i o n   was  p o u r e d   in  a  p o l y m e r i z i n g   tube ,   f r e e z e  -  

d e a e r a t e d   and  p o l y m e r i z e d   in  the  s e a l e d   tube  at  70°C  for  24  h o u r s .  

The  s o l u t i o n   was   then  i n t r o d u c e d   into  100  m i l l i l i t e r s   of  m e t h a n o l   t o  

s e p a r a t e   a  p o l y m e r .   The  p o l y m e r   was   p u r i f i e d   by  r e p r e c i p a t i o n ,  

us ing   m e t h y l e n e   c h l o r i d e ,   and  m e t h a n o l   as  s o l v e n t   and  n o n - s o l v e n t ,  

r e s p e c t i v e l y .   Af t e r   be ing   r e p e a t e d l y   s u b j e c t e d   to  such  a  r e f i n i n g  

p r o c e s s   t h r e e   t i m e s ,   the  p o l y m e r s   w e r e   d r i ed   u n d e r   r e d u c e d   p r e s s u r e .  

A  c o p o l y m e r i z a t i o n   r a t i o   was   d e t e r m i n e d   f r o m   the  e l e m e n t a l   a n a l y s i s  

of  the  r e s u l t a n t   p o l y m e r s   ( c h l o r i n e   c o n t e n t ) .  

E ight   w e i g h t   p e r c e n t   of  the  r e s u l t a n t   c o p o l y m e r   ( 2 1 . 8 %  

c h l o r o m e t h y l   s t y r e n e ,   78 .2%  2 - v i n y l n a p h t h a l e n e ,   w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t  =   18, 600,  p o l y d i s p e r s i v i t y   =  1. 6)  was  d i s s o l v e d   i n  

xy lene   and  f i l t e r e d   t h r o u g h   a  f i l t e r   of  a  pore   s ize  of  0 .2   m i c r o n   t o  

p r e p a r e   a  r e s i s t   s o lu t i on .   This   s o l u t i o n   was  s p i n - c o a t e d   onto  a  

s u b s t r a t e   at  2000  r p m   and  p r e b a k e d   at  100°C  for  30  m i n u t e s   to  o b t a i n  

a  u n i f o r m   0 .9   m i c r o n   th ick   f i lm  on  the  s u b s t r a t e .   Using  an  e l e c t r o n  

b e a m   e x p o s u r e   s y s t e m   ( a v a i l a b l e   from  J a p a n   E l e c t r o n   O p t i c s  

L a b o r a t o r y   u n d e r   the  t r a d e   name   J  B X - 5 A ) ,   v a r i o u s   p a t t e r n  

d e l i n e a t i o n s   w e r e   app l i ed   to  the  r e s i s t   at  an  a c c e l e r a t i o n   v o l t a g e   o f  



20  KV  wh i l e   v a r y i n g   the  d o s e .   A f t e r   e x p o s u r e ,   the  s u b s t r a t e  

was  t a k e n   out  f r o m   the  s y s t e m   and  d ipped   in  b e n z i l   a c e t a t e   for  60  

m i n u t e s   for  d e v e l o p m e n t   fo l lowed   by  r i n s i n g   in  i s o p r o p a n o l   for  30  

s e c o n d s   to  o b t a i n   r e s i s t   p a t t e r n s .   A f t e r   p o s t - b a k i n g   at  150°C  f o r  

30  m i n u t e s ,   t h i c k n e s s e s   of  r e s i d u a l   f i lm   w e r e   m e a s u r e d   by  t h e  

p r o d u c t   a v a i l a b l e   f r o m   Rank  T a y l o r   H o b s o n   m e n t i o n e d   in  E x a m p l e   1. 

The  r e s u l t a n t   r e s i d u a l   f i lm  t h i c k n e s s   to  dose  r e l a t i o n   is  r e p r e s e n t e d  

by  a  s e n s i t i v i t y   c u r v e   1  in  F i g u r e   2.  In  F i g u r e   2,  the  a b s c i s s a  

i n d i c a t e s   the  dose   and  the  o r d i n a t e ,  t h e   f i lm   t h i c k n e s s   a f t e r   d e v e l o p m e n t  

n o r m a l i z e d   by  the  t h i c k n e s s   b e f o r e   d e v e l o p m e n t .   A  dose   (D  0.5g) 

which   r e d u c e s   the  in i t i a l   f i lm  t h i c k n e s s   to  one  half   a f t e r   d e v e l o p m e n t ,  

which   is  a  p r a c t i c a l   s e n s i t i v i t y   of  a  r e s i s t ,   was  4.3  x  10-5  C / c m 2 .  

.  Th i s   s e n s i t i v i t y   was  about   16  t i m e s   as  high  as  those   for  h o m o p o l y m e r s  

of  P2VN  of  the  s a m e   m o l e c u l a r   w e i g h t .   Even  r e s i s t   p a t t e r n s   as  f i n e  

as  l e s s   than  1  m i c r o n   w e r e   found.  ful ly   r e s o l v e d .  

E X A M P L E   6 

10  w e i g h t   p e r c e n t  o f   a  c o p o l y m e r   (41.2%  c h l o r o m e t h y l   s t y r e n e ,  

58 .8%  2 - v i n y l n a p h t h a l e n e ,   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   =  2 1 , 0 0 0 ,  

p o l y d i s p e r s i v i t y   =  1 .8)   was  d i s s o l v e d   in  xy lene   and  f i l t e r e d   t h r o u g h   a  

0 .2  m i c r o n   f i l t e r   to  obta in   a  r e s i s t   s o l u t i o n .   This   r e s i s t   s o l u t i o n   w a s  

e v a l u a t e d   by  the  s ame   m e t h o d   as  in  E x a m p l e   5.  The  r e s u l t   i s  

r e p r e s e n t e d   by  a  s e n s i t i v i t y   cu rve   2  shown  in  F i g u r e   2.  T h e  

s e n s i t i v i t y   (D 0.5g)  was  3.  1 x  10-5  C / c m 2 ;   it  did  not  a l w a y s   i n c r e a s e  



in  p r o p o r t i o n   to  the  a m o u n t   of  c h l o r o m e t h y l   s t y r e n e .  

E X A M P L E   7 

Eight   w e i g h t   p e r c e n t   of  a  c o p o l y m e r   (17.  5%  c h l o r o m e t h y l  

s t y r e n e ,   8 2 . 5 %   2 - v i n y l n a p h t h a l e n e ,   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  

1 2 0 , 0 0 0 ,   p o l y d i s p e r s i v i t y   =  2 .0)   was   d i s s o l v e d   in  xy lene   fo l lowed  b y  

f i l t e r i n g   t h r o u g h   a  0 .2  m i c r o n   f i l t e r   to  p r e p a r e   a  r e s i s t   s o l u t i o n .  

E v a l u a t i o n   of  the  r e s i s t   so lu t i on   by  the  s a m e   m e t h o d   as  in  

E x a m p l e   5  p r o v i d e d   a  s e n s i t i v i t y   cu rve   3  shown  in  F i g u r e   2.  In  t h i s  

c a s e ,   the  s u b s t r a t e   was  d ipped   in  a  m i x t u r e   l iqu id   c o n t a i n i n g  

3  p a r t   of  t e t r a h y d r o f u r a n   and  1  p a r t   of  e thano l   for  d e v e l o p m e n t   for  60 

s e c o n d s   f o l l o w e d   by  r i n s i n g   in  i s o p r o p a n o l .  

The  gel  p o i n t  d o s e  w a s   5.0  x  10-6  C / c m   whi le   D  
0.5g  

w a s  

8  x  10-4  C / c m 2 .   It  was  a l so   the  case   with  this  E x a m p l e   that  p a t t e r n s  

l e s s   than  1  m i c r o n   w e r e   s u f f i c i e n t l y   r e s o l v e d .  

E X A M P L E   8 

A  c o p o l y m e r   was  p r o d u c e d   f r o m   a  10 :  2  m i x t u r e   of  2 - v i n y l -  

n a p h t h a l e n e   and  p - c h l o r o s t y r e n e   u s ing   the  s ame   r a d i c a l   c o p o l y m e r i z a -  

t ion  p r o c e s s   as  in  E x a m p l e   5.  10  we igh t   p e r c e n t   of  the  c o p o l y m e r  

(77 .2%  2 - v i n y l n a p h t h a l e n e ,   22 .8%  p - c h l o r o s t y r e n e ,   weight   a v e r a g e  

m o l e c u l a r   w e i g h t   =  22,  000,   p o l y d i s p e r s i v i t y   =  1 .8 )   was  d i s s o l v e d   i n  

x y l e n e .   The  so lu t i on   was  f i l t e r e d   t h r o u g h   a  0 .2   m i c r o n   f i l te r   t o  

p r e p a r e   a  r e s i s t   s o l u t i o n .   This   so lu t i on   was  s p i n - c o a t e d   onto  a  



s u b s t r a t e   at  2000  r p m   and  p r e b a k e d   at  100°C  for  30  m i n u t e s   to  o b t a i n  

a  u n i f o r m   f i l m   of  about   0 .2   m i c r o n   in  t h i c k n e s s .   The  s a m e  

e v a l u a t i o n   as  in  E x a m p l e   5  was   p e r f o r m e d   for  this   p r o d u c t   to  o b t a i n  

a  s e n s i t i v i t y   c u r v e   4  shown  in  F i g u r e   2.  A  dose  (D0.5g)  w h i c h   p r o v i d e s  

a  f i lm   of. one  ha l f   of  the  i n i t i a l   t h i c k n e s s   was  3 .5   x  10-4  C / c m 2 .  

The  s e n s i t i v i t y   was  found  to  be  twice   the  s e n s i t i v i t y   for  P 2 V N .  

R e s i s t   p a t t e r n s   l e s s   than  1  m i c r o n   w e r e   ful ly   r e s o l v e d .  

E X A M P L E - 9  

Eight   w e i g h t   p e r c e n t   of  a  c o p o l y m e r   (25 .8%  c h l o r o s t y r e n e ,   7 4 . 2 %  

2 - v i n y l n a p h t h a l e n e ,   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   =  2 2 0 , 0 0 0 ,  

p o l y d i s p e r s i v i t y   =  2.  1)  was  d i s s o l v e d   in  xy lene   and  f i l t e r e d   t h r o u g h   a  

0.2  m i c r o n   f i l t e r   to  p r e p a r e   a  r e s i s t   s o l u t i o n .  

The  e v a l u a t i o n   was  p e r f o r m e d   as  in  E x a m p l e   5.  The  s e n s i t i v i t y  

cu rve   for  the  r e s u l t a n t   r e s i s t   is  shown  in  F i g u r e   2.  In  this  E x a m p l e ,  

the  s u b s t r a t e   was   d ipped  for  60  s e c o n d s   in  a  l iquid   c o n t a i n i n g   3  p a r t   o f  

t e t r a l i y d r o f u r a n   and  1  pa r t   of  methyl  e thyl   ketone  for   d e v e l o p m e n t  

f o l l o w e d   by  r i n s i n g   in  a  l iquid   1  p a r t   of  m e t h y l   e thyl   k e t o n e   and  2  p a r t  

of  e t h a n o l   for  30  s e c o n d s .   A  gel  poin t   dose  (Dg)  was   2.3  x  1 0 - 5  C / c m 2  

while   D(Og5)  was   3 .6   x  10-5  C / c m 2 .  

E X A M P L E   10 

A  c o p o l y m e r   of  2 - v i n y l n a p h t h a l e n e   and  g l y c i d y l   m e t h a c r y l a t e  

p r o v i d e d   by  r a d i c a l   c o p o l y m e r i z a t i o n   was  a l lowed   for  e v a l u a t i o n   as  a  



r e s i s t .   The  m o n o m e r i c   unit   r a t i o   b e t w e e n   2 - v i n y l n a p h t h a l e n e   a n d  

g l y c i d y l   m e t h a c r y l a t e   r a t i o   was  d e t e r m i n e d   to  be  about   85 :  15  b y  

e l e m e n t a l   a n a l y s i s   and  i n f r a r e d   a b s o r p t i o n   s p e c t r u m ,   a l t h o u g h   t h e  

m o n o m e r   r a t i o   of  c h a r g e   was  to  be  50 :  50.  The  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t   was   2 6 0 , 0 0 0   and  the  p o l y d i s p e r s i v i t y   1. 9,  a s  

m e a s u r e d   by  gel  p e r m e a t i o n   c h r o m a t o g r a p h y .  

The  c o p o l y m e r   was   i r r a d i a t e d   by  an  e l e c t r o n   b e a m   as  in  E x a m p l e  

1  to  ob t a in   a  s e n s i t i v i t y   (D 0.5g)  =  2. 6  x  10-6  C / c m 2 .   A  s e n s i t i v i t y  

c u r v e   r e p r e s e n t i n g   this  ca se   is  i n d i c a t e d   by  the  r e f e r e n c e   n u m e r a l   6 

in  F i g u r e   2 .  

Of  the  E x a m p l e s   d e s c r i b e d   h e r e i n a b o v e ,   E x a m p l e s   4  and  5  to  10 

i n d i c a t e d   e x a m p l e s   of  c h l o r o m e t h y l a t e d   c o m p o u n d s   of  P2VN  a n d  

c o p o l y m e r s   c o n t a i n i n g   2 - v i n y l n a p h t h a l e n e .   What   is  of  u t m o s t   c o n c e r n  

h e r e   is  w h e t h e r   such  m a t e r i a l s   are  p o o r e r   in  e t c h i n g   r e s i s t a n c e   t h a n  

h o m o p o l y m e r s   of  2 - v i n y l n a p h t h a l e n e .   M e a s u r e m e n t   of  e t c h i n g   r a t e s  

u n d e r   an  Ar  ion  m i l l i n g   e t c h i n g   t e c h n i q u e   as  s t a t e d   in  c o n n e c t i o n   w i t h  

T a b l e   1  p r o v e d   that   the  e t c h i n g   ra te   i n c r e a s e s   by  the  o r d e r   of  20% 

c o m p a r e d   to  P2VN  when   about   20%  c h l o r o m e t h y l   s t y r e n e ,   c h l o r o s t y r e n e  

or  g l y c i d y l   m e t h a c r y l a t e   is  c o p o l y m e r i z e d   w i th   the  m a t e r i a l s   c o n c e r n e d .  

C h l o r o m e t h y l a t i o n   is  a l so   e f f e c t i v e   to  i n c r e a s e   the  e t ch ing   r a t e   t h o u g h  

i n s i g n i f i c a n t   (10  to  20%).  In  any  c a s e ,   h o w e v e r ,   e t ch ing   r a t e s  

o b t a i n a b l e   wi th   such  m a t e r i a l s   are   l o w e r   than   that   of  p o l y s t y r e n e .  



Since  p o l y s t y r e n e   or  P2VN  is  a  low  s e n s i t i v i t y   m a t e r i a l ,   a  l i t t l e  

s a c r i f i c e   of  e t c h i n g   r e s i s t a n c e   is  u n a v o i d a b l e   when  it  is  d e s i r e d   to  u s e  

such  a  m a t e r i a l   wi th   an  i n c r e a s e d   s e n s i t i v i t y .   C o m p a r e d   t o  

c h l o r o m e t h y l a t e d   p o l y s t y r e n e ,   h o w e v e r ,   c h l o r o m e t h y l a t e d   P2VN  o r  

poly  ( c h l o r o m e t h y l   s t y r e n e - C O - 2 - v i n y l n a p h t a l e n e )   was   p r o v e d   t o  

have   an  e t c h i n g   r a te   of  two  t h i r d s   of  that   for  c h l o r o m e t h y l   p o l y s t y r e n e .  

F o r   e x a m p l e ,   u n d e r   the  Ar  ion  m i l l i n g   c o n d i t i o n   as  d e s c r i b e d   i n  

E x a m p l e   3,  e t c h i n g   r a t e s   for  p o l y s t y r e n e ,   c h l o r o m e t h y l a t e d  

p o l y s t y r e n e ,   P2VN,   c h l o r o m e t h y l a t e d   P2VN,   and  poly  ( c h l o r o m e t y l  

s t y r e n e - C O - 2 - v i n y l n a p h t a l e n e )   w e r e   m e a s u r e d   to  be  220,  260,  1 5 0 ,  

180,  and  185  A / m i n ,   r e s p e c t i v e l y .   To  have  the  e t c h i n g   r a te   of  t w o -  

t h i r d s   i m p l i e s   that   the  t h i c k n e s s   of  a  r e s i s t   f i lm  e m p l o y e d   in  a  d r y  

e t c h i n g   s tep   m a y   be  t w o - t h i r d s .   As  a l r e a d y   m e n t i o n e d ,   a  t h i c k  

r e s i s t   f i lm  d e t e r i o r a t e s   the  r e s o l u t i o n   in  e l e c t r o n   b e a m   i r r a d i a t i o n  

due  to  s c a t t e r i n g   of  the  e l e c t r o n s .   In  o the r   w o r d s ,   the  t h i n n e r   t h e  

f i lm  is,  the  h i g h e r   the  r e s o l u t i o n   g r o w s .   All  the  m a t e r i a l s   p r o v i d e d  

by  E x a m p l e s   1-10  can  r e s o l v e   p a t t e r n s   l e s s   than  1  m i c r o n   r e l a t i v e l y  

e a s i l y   for  an  in i t i a l   f i lm  t h i c k n e s s   r a n g e   of  0. 6  to  0.8  m i c r o n .   If  t h e  

in i t i a l   f i lm  t h i c k n e s s   is  r e d u c e d   to  about   0.3  m i c r o n   a  r e s o l u t i o n   l e s s  

than  0. 5  m i c r o n   will   be  a c h i e v e d   wi th   e a s e .  

A n o t h e r   f a c t o r   on  wh ich   the  r e s u l u t i o n   d e p e n d s   is  p r o p e r   s e l e c t i o n  

of  a  d e v e l o p e r .   While  xy lene   or  d ioxane   is  f a v o r a b l e   as  a  s o l v e n t ,   i t  

is  u n f a v o r a b l e   as  a  d e v e l o p e r   b e c a u s e   it  would   c ause   p a t t e r n s   to  s w e l l  

n o t i c e a b l y .   B e n z y l   a c e t a t e ,   t e t r a h y d r o f u r a n   and  t h e i r   m i x t u r e s   w i t h  



n o n - s o l v e n t s   as  i n d i c a t e d   in  E x a m p l e s   c o n s t i t u t e   d e s i r a b l e   d e v e l o p e r s .  

C h o i c e   of  an  o p t i m u m   d e v e l o p e r   is  a l s o   d e p e n d e n t   upon  the  m o l e c u l a r  

w e i g h t   of  p o l y m e r   and,  thus ,   o p t i m u m   c o n d i t i o n s   need  be  d e t e r m i n e d  

for  e a c h   s p e c i f i c   c a s e .  

It  wi l l   be  s een   tha t   one  can  c h o o s e   any  m a t e r i a l   o p t i m u m   for  a  

s p e c i f i c   a p p l i c a t i o n   in  a c c o r d a n c e   wi th   the  c o n d i t i o n s   d i s c u s s e d  

h e r e i n a b o v e .   In  d e t a i l ,   the  h o m o p o l y m e r ,  o r   P2VN,  is  d e s i r a b l e   when 

a  n e g a t i v e   r e s i s t   of  the  g r e a t e s t   r e s i s t a n c e   to  d ry   e t c h i n g   is  n e e d e d .  

F o r   a  n e g a t i v e   r e s i s t   h igh ly   s e n s i t i v e   wh i l e   m a i n t a i n i n g   r e l a t i v e l y  

g r e a t   e t c h i n g   r e s i s t a n c e ,   a  d e s i r a b l e   m a t e r i a l   wi l l   be  a  c h l o r o m e t h y l a t e d  

c o m p o u n d   of  P2VN.   To  i n c r e a s e   the  s e n s i t i v i t y ,   the  m o l e c u l a r   w e i g h t  

of  a  m a t e r i a l   u s e d   shou ld   be  as  l a r g e   as  p o s s i b l e   in  v iew  of  the  f a c t  

that   the  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   Mw  and  n e c e s s a r y   dose  f o r  

p a t t e r n i n g   a re   i n v e r s e l y   p r o p o r t i o n a l   to  each   o t h e r .   H o w e v e r ,  

m a t e r i a l s   of  l a r g e   m o l e c u l a r   w e i g h t s   swel l   d u r i n g   d e v e l o p m e n t   a n d  

t h e r e b y   d e t e r i o r a t e   the  r e s o l u t i o n .   It  f o l l ows   tha t   m a t e r i a l s   of  s m a l l  

m o l e c u l a r   w e i g h t s   m u s t   be  e m p l o y e d  i f   r e s o l u t i o n   has  p r i o r i t y   to  t h e  

o t h e r   f a c t o r s .  

V a r i o u s   m o d i f i c a t i o n s   will   b e c o m e   p o s s i b l e - f o r   those   sk i l l ed   i n  

the  a r t   f r o m   the  above  E x a m p l e s   w i t h o u t   d e p a r t i n g   f r o m   the  scope  o f  

the  i n v e n t i o n .  



1 .   A  r a d i a t i o n - s e n s i t i v e   n e g a t i v e   r e s i s t   c o m p r i s i n g   a  p o l y m e r  

m a t e r i a l   w h e r e i n   the  p o l y m e r   m a t e r i a l   c o n t a i n s   at  l e a s t   o n e  

c o m p o s i t i o n   c h o s e n   f r o m   the  g roup   o f :  

1  - v i n y l n a p h t h e l e n e  

2 - v i n y l n a p h t h a l e n e  ( C H 2 - C H )  

c h o l r o m e t h y l - l - v i n y l n a p h t h a l e n e  

and 

c h l o r o m e t h y l - 2 - v i n y l n a p h t h a l e n e  



2.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r  

c o m p r i s e s   po ly -2   - v i n y l n a p h t h a l e n e .  

3.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r  

c o m p r i s e s   c h l o r o m e t h y l a t e d   p o l y - 2 - v i n y l n a p h t h a l e n e .  

4.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r  

c o m p r i s e s   a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e   and  c h l o r o m e t h y l  

s t y r e n e .  

5.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r  

c o m p r i s e s   a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e   and  c h l o r o s t y r e n e .  

6.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r  

c o m p r i s e s   a  c o p o l y m e r   of  v i n y l n a p h t h a l e n e   and  g l y c i d y l . m e t h a c r y l a t e .  

7 .  A  r e s i s t   as  c l a i m e d   in  c l a i m   4,  5,  or  6  w h e r e i n   the  m o i e t y  

of  said  v i n y l n a p h t a l e n e   is  equal   to  or  g r e a t e r   than  50  p e r c e n t   in  t e r m s  

of  m o n o m e r i c   uni t   r a t i o .  

8 .   A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y m e r   has   a  

w e i g h t   a v e r a g e   molecu la r   w e i g h t   Mw  lying  wi th in   the  r a n g e   of  1 0 , 0 0 0  

up  to  1 ,  0 0 0 ,  0 0 0 .  

9 .  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y d i s p e r s i v i t y  

of  the  p o l y m e r   ( M w / M n   w h e r e   Mw  d e n o t e s   a  w e i g h t   a v e r a g e   m o l e c u l a r  

w e i g h t ) ;   Mn,  a  number  average  mo lecu l a r   weight)   is  less   than  5 .  



10.  A  r e s i s t   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   the  p o l y d i s p e r s i v i t y  

of  the  p o l y m e r   M w / M n   ( M w / M n   w h e r e   M w d e n o t e s   a  w e i g h t   a v e r a g e  

m o l e c u l a r   w e i g h t ;   and  Mn,  a  n u m b e r   a v e r a g e   m o l e c u l a r   we igh t )   i s  

p r e f e r a b l y   l e s s   than  3 .  
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